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doi:10.1016/j.ejvs.2009.07.005Abstract Objective: To establish an animal model of Stanford type B aortic dissection using
a two-end intimal flap suturing.
Design: Twelve adult mongrel dogs of either sex were studied and followed up, at intervals, up
to 1 year.
Materials and methods: A lateral clamp was placed on the proximal descending aorta after
general anaesthesia and left thoracotomy. Half the circumference of the aorta, including
the media and adventitia, was cut open transversely, leaving the intima intact. The aortic wall
was separated inferiorly. The intima was transversely cut and both ends of the distal intimal
flap were sutured to the adjacent aorta. To close, the distal adventitia and media were
sutured to the proximal aorta. Before thoracic cavity closure, digital subtraction angiography
(DSA) and colour Doppler ultrasound were performed.
Results: Formation and distal extension was observed immediately after removal of the partial
aortic clamp in 11 dogs. True and false lumenswere seen in eight dogs; the false lumenwas larger
than the true lumen. Sacrifice at set intervals, 7 days to 12months after surgery, showed a typical
dissection tear, intima, septum, adventitia, thrombi and distal dissection blind pocket.
Conclusion: Thismodel of aortic dissection using the two-end aortic intimal flap suturingmethod
is similar to human Stanford type B aortic dissection.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.In 1992, Dake et al.1 first successfully treated an aortic
dissection using endovascular stent grafts, and subse-
quently, similar cases have been reported worldwide. An162483180x81101.
(J.S. Cui).
ty for Vascular Surgery. Publisheideal animal model identical to human Stanford type B
aortic dissection is necessary for investigating the changes
in the pathophysiology of this condition over time as well as
the outcomes of experimental treatments. Although animal
models of aortic dissection have been developed in the
past, they were often difficult to create and did not repli-
cate all the aspects (see Discussion) of human Stanford typed by Elsevier Ltd. All rights reserved.
604 J.S. Cui et al.B aortic dissection.2e7 Thus, this study introduces the two-
end intimal flap suturing method to establish a canine
model of Stanford type B aortic dissection.
Materials and Methods
Experimental animals
Twelve adult mongrel dogs of either sex, weighing an
average of 17.5 kg (ranging from l6.0 to 20.0 kg), were used
in the present study to provide two dogs for each of the six
time points in the study protocol. The animals were
provided by the Laboratory Animal Center of the Second
Military Medical University. This study was approved by the
Institutional Animal Care and Use Committee.
Methods
The dogs were fixed on the operating table in a right lateral
position, and the skin of the left chest, lower abdomen and
thigh were shaved, venous access established through the
forelimb and intravenous antibiotics given. After general
anaesthesia (1 mg kg1 intravenous 2.5% sodium pentothal)
and endotracheal intubation, the animals were connected
to a positive-pressure ventilator and ventilated with 100%
oxygen.
An incision between the third and fourth intercostal
spaces was used to enter the thoracic cavity. The descending
thoracic aorta and the bilateral innominate arteries (dogs
differ in this aspect from humans, who do not have bilateral
innominate arteries) were then exposed, the surrounding
soft tissues dissociated and an elastic blocking band passed
through them to facilitate suspension of the aorta and to
prevent excessive intra-operative haemorrhage.
The blocking band was lifted and the lateral wall of the
descending aorta clamped (Fig. 1A) as much as possible
without stopping the distal aortic flow. Next, approximately
half the circumference of the adventitia and media was cut
open transversely (Fig. 1B), and a dissecting space was
located in the media. A custom-made dissecting device was
used to dissociate distally, proximally and towards the
posterior side in the dissecting space (Fig. 1C), and the
media was dissected for about 5 cm. Half of the circum-
ference of the intima was cut open transversely (Fig. 1D),
and one-third the length of the inferior intimal flap was
sutured, using 5/0 Prolene (Fig. 1E), to all the layers of the
lateral aortal wall to maintain the posterior dissecting
space and to ensure that blood flows through the
false lumen. Subsequently, a continuous eversion suture
(5/0 Prolene) was used to close the adventitia and part of
the media (Fig. 1F).
A longitudinal incision was made above the groin on
either side to expose one of the iliac arteries. A 6F catheter
sheath was inserted through an iliac artery puncture, and
a 0.014-inch guide wire was inserted through the catheter
sheath. The catheter sheath was retracted and, under
fluoroscopic guidance, a 6F pigtail catheter was inserted
over the guide wire and placed at the junction of the
descending aorta. At this time, the lateral wall clamp on
the aorta was released, and the superior blocking band
loosened. Colour Doppler ultrasound monitoring wasperformed and contrast agent was injected through the
pigtail catheter at 16e18 ml s1 to perform angiography.
The chest and groin incisions were closed with sutures, and
the animals were extubated and returned to their cages.
The examination protocol was for two animals to be sacri-
ficed at each of six time points (7 days, 15 days, 1, 3 and 6
months, and 1 year) and the aortic tissue samples collected
for pathological examination to follow-up the time course
of both acute and chronic changes in the dissection.Results
Among the 12 animals, 11 survived the surgery. One dog
died during surgery due to loss of tracheal intubation.
There were no surgical complications in the 11 surviving
animals. When the lateral wall clamp of the descending
aorta was released and the superior blocking band loos-
ened, direct observation of the aorta showed that it
dissected towards the distal end as the vascular wall
expanded due to increase in pressure (Fig. 2A). Digital
subtraction angiography (DSA) through the pigtail catheter
and colour Doppler ultrasound monitoring (Fig. 3) showed
true and false lumens in eight dogs. The septum was clearly
visible, and the diameter of the false lumen was greater
than that of the true lumen in these eight dogs. The
remaining three animals had a false lumen smaller than the
diameter of the true lumen. The diameter of the proximal
aneurysm neck (measured by colour Doppler imaging)
was 12 4.0 mm and that of the aneurysm body was
22.4 7.3 mm, with a length of 120 42.6 mm.
During follow-up, one animal developed a thoracic
cavity and pneumothorax infection and was included as the
only dog in the 7-day pathological sample. As one had died
during initial surgery, only one dog could be sacrificed
during the last (1-year) time interval. At all six time
intervals, (from 7 days to 1 year), the specimens showed
a satisfactory dissection pattern, including a typical
dissection tear, intima, septum, adventitia, thrombi
(assessed by both macro- and microscopic methods) and
distal dissection blind pocket. The configuration of these
dissections was similar to that of the human thoracic aorta
Stanford B type dissections (Fig. 2, Panels B and C). The
false lumens were located in the media space. They
showed obvious thrombosis at the first three time intervals:
7 days, 15 days and 1 month after surgery. All the thrombi
in the false lumen (assessed by computed tomography
angiography) had been absorbed and had disappeared in
the five dogs sacrificed in the last three time intervals (3
months, 6 months and 1 year). The cross-sectional area of
the true lumen decreased when the dissection was formed
due to compression from the false lumen, but then
increased over time, indicating that the true lumen
recovered gradually, while the cross-sectional area of the
false lumen decreased as the thrombi in the false lumen
were gradually absorbed.Discussion
A number of attempts to create a chronic animal model of
aorta dissection have been previously reported. In one
Figure 1 Schema of the two-end intimal flap suturing method. A) The lateral wall of the aorta is clamped. B) Approximately half
the circumference of the adventitia and media is cut open transversely. C) A custom-made dissecting device is used to dissociate
downwards, upwards, and towards the lateral side in the dissecting space for about 5 cm. D) Half the circumference of the intima
was cut open transversely. E) One third of the length of the two ends of the inferior intimal flap was sutured to all the layers of the
lateral wall of the aorta. F) A continuous eversion suture (5/0 Prolene) was used to close the adventitia and part of the media.
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the descending aorta followed by the creation of an intra-
mural pocket in the aortic wall.2 The release of the aortic
cross clamp resulted in blood entering the pocket and
propagation of the dissection. Although some animals
developed spontaneous re-entry, this method did not
create a stable false lumen with both entry and re-entry of
blood. Other investigators have tried to create a pocket or
separation in the aortic wall by simple balloon expansion3
or direct saline injection.4 These models were limited by
the fact that the false lumen was relatively narrow and
short. A stratified false lumen was created in another model
by destroying the adventitia of the descending aorta and
causing another blood supply to the inner and outer layers
of the media, but this method required a longer post-
operative duration for the false lumen to develop. In these
models, other investigators have employed various devicesand interventional methods to replicate the dissection
model, but the operation was relatively difficult, and the
replication rate low.5,6 A combination of elastase perfusion
and mechanical expansion of the aortic wall has also been
used to establish dissection, but this model lacked
stability.7 Although a majority of the dissection models
were created in dogs, one study reported a relatively higher
success rate with pigs.5 Although the arterial configuration
of pigs is similar to that of humans, pig models have some
shortcomings, including poor anaesthesia tolerance and
difficult postoperative management.
Endovascular models of aortic dissection have also been
described.8 The surgical models are stabler than the
endovascular models, are easy to reproduce and resemble
the human model; however, mortality is high. The endo-
vascular model is not easy to reproduce, and this model
forms a shorter false lumen with a smaller diameter.
Figure 2 A) The main tear patency, thoracic aortic dissection formation, B) Distal re-entry near the coeliac artery. C) Ring cross
sections of the thoraco-abdominal aorta.
606 J.S. Cui et al.The innovative aspect of the two-end intimal flap
suture method used in our model is the improvement of
the aortic dissection entry site. The 1-year follow-up of
the animals showed that unobstructed proximal entry
could form multiple re-entries near the coeliac trunk and
the superior mesenteric arteries, or near the bilateralFigure 3 Shape and blood flow of dissection by colour Doppler
ultrasound. Red arrow shows false lumen, yellow arrow shows
true lumen.iliac arteries. Models, such as ours, with entry and
multiple re-entries can maintain long-term patency and
can be used (with imaging methods such as CTA) to
investigate the natural history of aortic dissection. Our
model could also be useful for studying the effects of
haemodynamic changes in the dissected aorta and of
treatments such as mini-stents. Moreover, our model is
stable, easy to reproduce and resembles the spontaneous
aortic dissection seen in clinical practice. Thus, our
model could be very useful for studies on the outcome
and treatment of aortic dissection.
In summary, the canine model of Stanford type B aortic
dissection established that using two-end aortic intimal flap
suturing method is similar to human Stanford type B aortic
dissection and the method could be applied in the Stanford
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